ABSTRACT. We examined long-term effects of neonatal hyperthryoidism in female mice by measuring the epidermal growth factor levels in the submandibular gland, urine, and serum at the age of 31 days. Hyperthyroxinemia was induced by thyroxine injections (0.4 pglglday) on days O-6. Littermate controls received the alkaline saline vehicle. The treatment accelerated incisor eruption and eyelid opening. It also retarded growth. The elevation of plasma thyroxine concentration which normally occurs during wk 2 to reach a peak around day 15 was abolished. Submandibular gland epidermal growth factor levels on day 31 were markedly subnormal, indicating maturational delay. In contrast, epidermal growth factor levels were unaffected in urine and supranormal in serum. These differences in response suggest that the regulatory mechanisms governing epidermal growth factor levels in tissues and fluids may acquire thyroid hormone dependence at different stages. (Pediatr Res 20: 628-631,1986) Abbreviations EGF, epidermal growth factor SMG, submandibular salivary gland T4, thyroxine RIA, radioimmunoassay EGF is present in adult mice in high concentrations in the SMG (1) and in low concentrations in various other tissues (2, 3) and body fluids, including plasma (4) and urine (5, 6). But SMG EGF appears to make only a small contribution to plasma EGF (4) and none to urine EGF (7). The EGF-urea ratio is over 100-fold higher in urine than in plasma (7). Hence, plasma EGF is presumably not a major source of urine EGF. Urine EGF concentration increases in the first 3 wk of life, reaching about 80% of the adult levels at weaning (8), whereas SMG EGF levels begin to rise only thereafter and reach maximal levels several weeks later (9). Despite their different ontogenic profiles, both urine and SMG EGF levels in newborn mice respond to T4 treatment with a precocious increase during the 1st and 2nd wk
of life, respectively (10) . The magnitude of these responses depends on the timing and duration of the T4 treatment (10) .
The present study examines the late effects of T4 treatment on days 0-6 on SMG, urine, and serum EGF levels. Such early T4 treatment abolishes the normal rise in serum T4 concentration which peaks around day 15 and is associated with a delay in the expected maturational increase in SMG EGF. In contrast, it increases serum EGF without affecting urinary EGF concentration. Thus thyroid hormone appears to regulate the EGF levels in SMG, urine, and serum independently.
MATERIALS AND METHODS

Animals.
Multiparous pregnant Swiss-Webster mice from Simonsen Laboratories, Gilroy, CA were housed in plastic cages provided with sawdust bedding. They were given tap water and pelleted food ad libitum. Female pups born within a 16-h period were pooled and distributed randomly, eight pups per mother. Four pups in each litter were given injections of alkaline saline (vehicle), while the remaining four were given T4 injections (0.4 pg/g/day) subcutaneously on days 0-6. Pup weight and timing of tooth eruption and eyelid opening were recorded. On day 2 1 the pups were separated from their mothers and maintained four to a cage. From day 26 they were housed two to a cage. Only female pups were used to avoid the confounding effects of testosterone on EGF levels in males (8, 19) . In a preliminary study, pups were raised in litter sizes of four to 12 from day 0, resulting in two to 3-fold differences in body weight at 15 days of age. There were no differences in urine or SMG EGF ontogeny among these groups and, therefore, a third group of pups which controlled for differences in body weight was not considered necessary.
Groups of mice were killed by C 0 2 inhalation on days 7, 15, 2 1, and 3 1 for measurements of T4. On day 7, trunk blood was collected; later blood samples were obtained from the inferior vena cava (4) . For T4 determinations sera from two to four animals were pooled, and eight pools were used for each age group (1 1). At 3 1 days of age when serum and urine EGF levels have reached adult levels in female mice (4, 8) , SMG, serum, and urine EGF were measured in individual control and T4-treated mice (26 of each). In our hands serum and plasma EGF concentrations are equivalent (4) .
Preparation of samples for RIA. Each SMG was homogenized in nine volumes of phosphate buffered saline, pH 7.2, at 4" C. The homogenate was centrifuged at 100,000 x g for 30 min and the supernatant fluid was used for measurements of protein (1 2) and EGF (4, 13) . Urine samples were diluted in RIA buffer, and aliquots were used for determination of urea (1 4) and EGF (6) .
EGF RIA. EGF was measured using a specific double-antibody, liquid phase, mouse EGF RIA (1 3). The sensitivity of the assay was 15-20 pg EGF per assay tube. Intra-and interassay coefficients of variation were 5-lo%, and nonspecific binding was 4 % . The EGF used for iodination and as standard was purified from SMG of adult Swiss-Webster mice (15) .
Statistical analysis. All data were expressed as mean 2 SEM. Differences between mean values were evaluated by Student's t test and, in multiple comparisons, by analysis of variance followed by the t test as modified by Newman-Keul. A p level of <0.05 was taken as the limit for a significant difference.
RESULTS
In mice treated with T4, incisor eruption and eyelid opening were advanced by 2 to 3 days compared with littermate controls treated with the vehicle (Fig. 1) . T4 treatment caused significant slowing in body weight gain relative to littermate controls. No catch-up growth had appeared by the end of the observation period on day 3 1 (Fig. 2) .
T4 treatment prevented the appearance of the normal ontogenic serum T4 peak which appeared on day 15 in the control animals. However, the T4 levels of T4-treated mice were similar to control levels on days 2 1 and 3 1 (Fig. 3) .
As compared with the control mice on day 3 1, the T4-treated mice had EGF levels that were markedly lower in SMG and clearly higher in serum; urine EGF levels did not differ (Fig. 4) .
DISCUSSION
The accelerated tooth eruption and eyelid opening observed in our T4-treated animals occurred during a period of time when T4 levels were lower than those of control animals since this therapy abolished the expected peak in serum T4 concentration which normally occurs during wk 2 of life (Figs. 1 and 3) . Serum T4 levels were restored to normal by day 2 1 in the treated mice. This result is similar to that reported by Martin and Moberg in the neonatal rat (16) . We did not study the mechanism of the AGE (Days) Fig. 1 Fig. 3 . Serum T 4 altered serum T4 ontogeny. There is some evidence that the accelerating effect of T4 on incisor eruption and eyelid opening may be mediated by EGF. A similar acceleration is produced by exogenous EGF (I), and T4 treatment increases the EGF content of neonatal mouse ocular tissue (17) . In the present study, involving a brief period of neonatal hyperthyroxinemia followed by a period of hypothyroxinemia, eyelid and tooth development were accelerated, indicating that the brief period of hyperthyroxinemia triggers these tissue responses which are then unaltered despite a subsequent period of hypothyroxinemia.
A G E ( D a y s )
concentrations (mean f SEM) by age in vehicletreated (continuous line) and T4-treated (dashed line) pups. Significant intergroup differences are indicated.
VEHICLE Ts
Body growth was impaired in the treated mice. This is not surprising and has been observed previously (16, 18) . Both hyperthyroxinemia and the later hypothyroxinemia might be expected to retard growth. A surprising finding was the total absence of catch-up growth by day 3 1, despite the fact that serum T4 levels were normal from day 21. Other studies in rats have shown that this particular type of growth retardation is permanent and is associated with a state of relative hypothyroidism in older animals (1 8). Serum thyroid-stimulating hormone levels are reduced in such adult animals and the T4 5'-monodeiodinase activity in pituitary tissue is increased, suggesting that the hypothyroxinemia may be conditioned by an alteration in pituitary feedback control of thyroid-stimulating hormone secretion (1 8).
The T4 values in the present animals did not differ from control values at 2 1 and 3 1 days; however, serum thryoid-stimulating hormone levels were not measured. It is possible that other factors, including the elevated serum EGF, are contributing to the growth retardation.
Of the EGF responses studied in these developing mice, the SMG response was the most strikingly impaired. This is in marked contrast to adult mice, in which identical treatment enhances SMG EGF levels (19) . Previously we reported that mouse SMG EGF synthesis only becomes T4 responsive during wk 2 of life (10) . Our present observation suggests that the normal maturation of this system is critically dependent on thyroid activation during wk 2. The mechanism of this dependence is not clear. Recently, a role for developing sympathetic nerve terminals was identified in the T4-mediated SMG EGF response during wk 2 (20) . It is not clear whether neonatal T4 treatment impairs the development of sympathetic innervation of the SMG or not. It would be of interest to determine whether the growth retardation and the diminished SMG EGF levels show later catch up or are permanently affected.
In urine, in contrast to the SMG, EGF levels were not altered. This is in keeping with our hypothesis (7) that urine EGF is not derived from the SMG. Both our study (7) and that of Olsen et al. (21) indicate that urine EGF may be derived from kidney tissue. We have shown (10) that urine EGF responsiveness to T4, in contrast to that of SMG EGF, appears during wk 1. Presumably, the pups treated with T4 on days 0-6 had supranormal urine EGF levels by wk 2, but then showed no further increase or perhaps even a decrease, which allowed the controls to "catch up" with them by day 31. The effect of hypothyroxinemia on urine EGF levels is unknown.
In contrast to SMG and urine EGF, serum EGF in the treated mice was increased on day 3 1. This result is in keeping with our belief in the independence of serum EGF levels; this independence is relative with regard to an SMG source of EGF (4) and complete with regard to urine EGF (7) . T4 treatment on days O-6 may have induced the elevated serum EGF levels on day 3 1 either directly or by way of the temporary hypothyroxinemia during wk 2.
The alterations in SMG and serum EGF levels in the T4-treated animals suggest that the EGF developmental pattern or ontogenesis is programed by the levels of thyroid hormone in the early neonatal period. Hormonally induced "imprinting" also has been reported to follow neonatal androgen exposure in rats; in those studies the pattern of growth hormone secretion and of later body growth, as well as the pattern of hepatic steroid metabolism in the adulthood, was altered by early androgen exposure (22) . The molecular basis for these early effects remains obscure.
